2 strains of Entamoeba histolytica, SAW 760 and SAW 408 (non-invasive zymodeme IX and invasive zymodeme II respectively, Sargeaunt & Williams 1979) were administered intra-intestinally to 15 inbred and 3 outbred strains of mouse. All were known to be free of the mouse amoeba E. muris. During the investigation, all animals were maintained in plastic film isolator units, under gnotobiotic conditions. Both zymodemes were found to be capable of infecting all 18 strains of mice for varying periods of time and both were capable of invading the gut mucosa in genetically susceptible strains. Mortality was high in some of the immunologically deprived strains, particularly with the more invasive strain of amoeba. 4 mouse strains: DBA/2, MRL, NZB, C57BL/6 bg, were found to be particularly good hosts to SAW 760.
; the golden hamster, susceptible to both caecal and liver invasion by Entamoeba histolytica (Neal & Vincent, 1955 , 1956 Williams. 1959; Jurumilinta & Maegraith, 1961) and the weanling rat (Jones, ] 946; Taylor, Greenberg, Highiman & Coatney, 1950; Sadun, Camera, Krupp & Allain, 1950; Neal, 1950; Neal and Harris, 1977) . The latter species has become one of the standard animals used in drug testing for human amoebiasis. The mouse has also been seen as a promising model host (Knight & Warren, 1973; Knight & Chew, 1974; Neal & Harris, 1975 , 1977 . The advantages of the mouse lie in the enormous range of inbred strains available, and the stability and reproducibility of results this represents, particularly since mice are easily available in a gnotobiotic state. Mutant genes have been bred successfully into a wide variety of inbred strains and in a recent study (Owen & Ackers, 1982) several inbred mouse strains were found to be very sensitive to at least 2 strains of E. histolytica.
This present study was undertaken to investigate further the range of susceptible mouse strains
Received 25 January 1985. Accepted 28 May 1985. particularly immunologically deprived strains and to determine whether the resultant infections resemble that in the human. Isolates of E. his/oly/ica have been divided into at least 17 different 'zymodemes' on the basis of their isoenzymes (Sargeaunt & Williams, 1979 ) of which 2 have been shown to be invasive and to cause clinical disease. The major drawback found in the earlier work was the extreme sensitivity of the most interesting mouse strains to an invasive zymodeme of E. his/olytica (SAW 408) because of the bacterial flora associated with the culture. The less invasive SAW 760 was found to produce characteristic chronic lesions, thus the larger, long-term groups in this study were all given this strain of amoeba.
Materials and methods 2 strains of E. histoly/ica were used, SAW 760 and SA W 408 (clones kindly supplied by Mr P. G. Sargeaunt, London School of Hygiene and Tropical Medicine), invasive Zymodeme II (SAW 408) and non-invasive Zymodeme IX (SA W 760). They were cultured at 37°C in Robinson's medium (Robinson, 1968) contained in 6-ml Bijou bottles (screw-capped glass bottles). The cultures were polyxenic, containing a large variety of bacteria derived from the original faecal sample.
Experimental animals
The majority of mice were obtained from the Experimental Embryology and Teratology Unit's microbiologically defined (MD) rodent colonies which are hysterectomy derived, contaminated with 5 non-pathogenic bacterial species and maintained in positive pressure, plastic film isolators under standard gnotobiotic conditions (Coates, 1968 
Bacterial flora and controls
Examination of the original bacterial cultures in whcih the amoebae were suspended revealed the presence of the following organisms:
Duration of experiment
The experiments were planned to last approximately 2-3 weeks post-inoculation in the small groups of mice and for 3(}. ...60days in the larger. This period was often reduced due to high mortality in some strains. All mice found sick were culled immediately and examined post-mortem.
Survivors were killed either singly or in small groups approximately every week for the remainder of each experiment.
Histology
Samples of small intestine, caecum and colon were carefully slit open and spread on small pieces of card before immersion in 10% formal saline. They were gently agitated to remove most of the contents from contact with the gut wall. All tissues were wax embedded, sectioned at 2 lAm and stained with haematoxylin and eosin or with Giemsa stain which improved staining of the organisms in the tissues. 
Post-mortem examination
A detailed gross morphological examination was made of the surgical site and point of inoculation. The entire alimentary tract was examined and wet preparations made of caecal and small intestinal contents. Portions of caecum and colon were taken for histological examintion, even from animals' found dead, together with portions of the liver and small intestine when lesions were found there.
Inoculation of E. histolytica suspensions 5 or 6 Bijou bottles containing 3-day old cultures of E. histolytica were agitated gently until amoebae and starch granules were in suspension before being pooled and centrifuged for 5 min at 2000 rpm (x 700 g). The supernatant was removed, leaving 2·5-3 ml of medium in which the amoebae were resuspended.
The mice were anaesthetized with halothane and a O·I-ml suspension of amoebae (approx 2 X 10 4 organisms) harvested from a 2-day old culture was injected into the caecum at laparotomy by inserting a 23-g disposable hypodermic needle (Gillette Surgical, Middlesex, UK), into the distal portion of the ileum and directing the inoculum towards the caecum. The body wall was closed with silk and the Husbandry Mice at MD status were transferred to 60 X 60 X 60 cm negative pressure gnotobiotic isolators for the duration of the experiments.
Those in conventional conditions were kept in polypropylene boxes incorporating a silicone treated fibreglass filter over the top opening. All mice were fed expanded rat and mouse diet No.3 (Special Diet Services, Witham, Essex, UK) and drinking water ad libitum. Both food and water were irradiated at 2·5 Mrad to ensure sterility. strains were investigated (see Table 1 ). The majority of mice used were 6-8 weeks of age. The Dhl+ (asplenic) and +1+ (eusplenic; Welles & Battisto, 1981) were 6 generations backcrossed on to the CBNN strain which has a naturally occurring deficiency of B-cells (Scher, 1981; Shannon & Paul, 1976) ; C3H/HeJ has a marked hyporesponsiveness to lipopolysaccharides linked with a macrophage deficiency; C57BU6 bg has lysosomal dysfunctions and the NZB has a B-cell hyperactivity and is a model for immune haemolytic anaemia (Boraschi & Meltzer, 1979) . The MRUMp lpr Ipr has a relatively short life-span, exhibits lymphoid infiltration of all organs, renal disease and malignancy (Millich & Gershwin, 1981) . Outbred athymic ONU (Kindred, ] 981) and genetically regulated low (AB/L) and high (AB/H) responding mice were also used (Biozzi et al., 1979) .
Histology
Antisera to an axenic strain of E. histolytica were raised in a rabbit by intravenous and intramuscular inoculations of whole washed organisms. The antisera were used to detect amoebae within lesions by indirect immunofluourescence, a modfication of the technique used by Boonpucknavig & Nairn (1967).
In the present experiment formalin-fixed waxembedded sections of affected tissue were used instead of dried smears of cultured organisms. cefotaxime (Roussel) and this was used whenever bacterial activity was to be curtailed.
Results
All mice found dead or moribund during the first 7 days carried large populations of amoebae. How much of the acute damage was due entirely to the amoebae and how much to the combined effect of amoebae and bacteria is not known. Of the sample groups, whenever wet preparations of caecal contents were negative at post-mortem examination, samples were cultured and passaged 3 times in Robinson's medium. An assessment of the nature of the infection was built up by an estimation of the population numbers, the character of the organisms (lumen dwelling forms were usually small, inactive and rapidly rounded up, whereas invasive organims were large, very active and remained so in wet preparations) and by the degree o( ulceration observed in the histology.
Strain susceptibility SA W 408 E. histolytica was passaged into 16 different strains of mice in groups of 4 to 20 (see Table 1 ). Overall mortality by 7 days was 52%. Only the C3H/Km had no losses during the first 7 days but mortality was also low in AB/H (1/12). It was high in many of the immunodeprived strains such as the C3H/HeJ, AB/L, Dhl+ and +1+. Of the surviving mice 62% were positive on examination.
C3H/Km
appeared to be more resistant to infection than the 299 other strains but the number of mice surviving in any given strain was too small for an accurate comparison of strain differences with this amoeba. SA W 760 E. histolytica was passaged into 15 strains of mice with widely differiC1g results (see Table 1 ). Mortality at 15% was much lower during the first 7 days of infection than with SAW 408 with the exception of ABL (2/6), BALB/c (4/6) and Dh/+ (10/22), all of which seemed equally vulnerable to both amoebae. 3 large groups DBAl2, MRL, and NZB contained 49, 45 and 35 mice respectively per group. Losses were relatively few in all 3 during the first 7 days, and of the remainder, groups of 4--6 mice were culled at 2-week intervals over a period of 6 weeks to 2 months. Overall, 88% of survivors were subsequently found to be positive. In strains where few animals were available and mortality was high the remaining animals were all culled at the end of 7 days. Strains where 6 or more survived these were culled after 2 to 3 weeks.
Less than half of C3H/Km and the CBAlCa strain mice were infected on examination.
All 6 C57BU6 were infected but in these as in the CBAlN nu nu there were no losses during the first 7 days.
Caecal infection
Mice dying during the first 7 days had acute ulceration of the caecum associated with large numbers of amoebae. This frequently occurred at the site of inoculation. Histologically the erosion of the mucosa by the amoeba was sufficiently severe to involve the muscle layers and at the edge of the III lesion amoebae could be seen moving laterally into the lamina propria ( Fig. 1) . Survivors exhibited a chronic condition, which varied in intensity from an inapparent carrier state through mild disturbance of the epithelial cells of the tips of the caeca) folds to extensive areas of flattened and disrupted mucosa ( Fig. 2) . Pus-filled ulcers were more common in SA W 408 infections than in SAW 760 and many were typical of the type of flask-shaped ulcer found in man, with numerous amoebae lining the edge and surruunding the narrow mouth of the ulcer (Fig. 3) . .'ig. 2. Erosiun of the mucosa of a CIlA/Ca mouse infected wjth I::. Iristolytica strain SAW 408 14 days previously. Fig. 3(a) . Caecum of an NZB strain mouse culled 21 days post-infection with E. Iris/oiy/ica strain SAW 408 and exhibiting a large single flask-shaped ;'lcer (u), neck of ulcer (N). Fig. 3(b) . Indirect immunoflllurescence staining IIf the organisms at the edge of the ulcer.
The chronic condition was consistently found in the large groups given SAW 760. In DBN2 and MRL 6 acute cases were recorded in the first week and typical chronic lesions were manifest in all the remaining mice over a 60-day period and characterized by large active trophozoites in clear mucus (Fig. 4) . In the NZB group, 6 acute cases were recorded, 3 animals failed to retain the infection and the remaining 37 showed the same chronic lesions as did the 6 C57BL/6; 10 C57BL/6 bg and 7 C3H/HeJ during their 21 days of observation. Control mice given bacterial flora only were culled at the same time as the amoeba-infected groups. No erosion of the mucosa was found in any of these animals. Adhesion of the serosa to itself or to the abdominal wall was found in both experimental and control groups and therefore regarded as principally due to surgical trauma.
Liver infection
Liver was cultured for both amoebae and bacteria when lesions were observed. Of the total number exhibiting liver lesions, 2 of the mice that died during the first 7 days had extensive bacterial invasion of the liver, appearing on post-mortem examination as numerous white necrotic foci throughout the tissue. Caecal adhesion to the liver was a common finding in acute cases and occasionally among the chronic cases. Usually, however, a broad band of fibrous tissue clearly separated liver and badly affected gut. An asplenic mouse infected with SAW 760 5 days previously exhibited small liver lesions from which organisms were recovered by culture in Robinson's medium. In very susceptible strains liver adhesions in association with caecal ulceration sometimes resulted in invasion through the perforated ulcer at the point of contact with the liver as was seen in both an asplenic (Dh/+) and an NZB mouse 7 days after infection with SAW 408 amoebae. In the latter the incursion of the ulcer into the liver tissue resulted in almost complete destruction of the lobe (Fig. 5) . A well defined layer of coagulative necrosis lay between intact liver cells and the completely eroded caecal wall but individual amoebae were found free in normal liver tissue adjacent to the lesion. The asplenic Oh/+ mouse was found moribund on day 2, and invasion of the liver by the amoebae appeared to be unrestricted.
The wall of the ulcerated caecum and the adjacent liver capsule had broken down and amoebae were observed invading the liver tissue and working their way between the cells (Fig. 6) . In 4 Dh/+ mice in which small or no liver lesions were found amoebae were recovered from cultures in Robinson's medium. In these animals there was no point of adhesion between caecum and liver. This phenomenon appeared to be confined to this strain. Individuals of other strains cultured during the course of the experiment were all negative after 3 passages. All control groups receiving bacterial cultures were unaffected. Fig. 5(a) . Liver of an NZB strain mouse infected with E. hislolytica strain 408 7 days previously and exhibiting almost complete necrosis of the liver lobe. Fig. 5(b) . Mass of amoebae within the lesion (A).
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Discussion
From the data acumulated in these experiments it would appear that both zymodemes of E. histolytica are capable of invasion in genetically susceptible strains of mice. Even the least invasive zymodeme SAW 760 can remain active and invasive in some strains for as long as 60 days.
Peritonitis and toxaemia due to leakage of caecal contents into the peritoneal cavity could contribute to deaths during the first few days. Large numbers of amoebae were present in the massive lesions described in the majority of acute cases but the rapid deterioration precludes the amoebae from sole responsibility for the condition. The population size in each individual could be assessed but no satisfactory method was evolved for scoring the scattering of pinpoint lesions in the chronic condition. In the acute state there were rarely more than 2 major lesions and usually only I. despite the often severe reaction.
, ' .. Amoebae can be seen crossing the junction of scrosal wall and liver capsule. This animal was in a moribund state and was culled 2 days post infection. A-Amoebac advancing into the liver tissue; C-Acutely affected caecum filled with trophozoites; D-Point of adhesion.
It is not possible to compare fully the pathology of the mouse infection with that found in man. The pathology of the chronic erosion of the caecum, one of liquefactive necrosis, described here has apparently been described in human cases from biopsy material but the pinpoint lesions seen in the chronic state found in the mouse may be overlooked in man because of the lack of any clinical signs and the small size of a biopsy. In the mouse, even severe damage to the surface mucosa, as depicted in Fig. 2 , did not have any apparent effects on its general behaviour and condition nor its ability to produce formed stools although these were sometimes of a softer consistancy.
The ulcer depicted in Fig. 3 , however, is very typical of that found in man, there is complete destruction of the muscle layer at the point of penetration and distention of the serosa into a flask-shaped pocket, filled with necrotic debris and with large numbers of amoebae lining the oustide of the mass and congregating at its narrow opening. In the mouse these ulcers are usually found adhering to organs and as in man, can perforate causing death. Ulceration was seen to have surprising results in a Ohl+ in which a caecal ulcer had adhered to the liver capsule and amoebae could be seen actively invading the liver at the point of contact (Fig. 6) .
This particular phenomenon
has not been reported in man and was seen once only in the Oh/+ and NAB strain of mouse. However, amoebae were isolated from the livers of mice of the same 2 strains that had no adhesion to any part of the intestine or body wall demonstrating the existence of haematogenous spread in this instance. All other mouse strains in which adhesions had been produced between an ulcerated caecum and liver failed to show any sign of invasion by the organisms and a thick band of fibrosis was usually found between the 2 organs. Stern, Greybill & Orutz (1984) failed to establish HM-I-IMSS strain E. hislolylica in the nul+ and Ill/Inu mice on a BALB/c background and established that resistance is dependent on macrophage but not T cell defenses. Gold & Kagan ( 1978) in their earlier investigation into the susceptibility of 9 mouse strains with HM-I-IMSS and HK9 axenic amoebae also failed to sustain liver infection but reported a promising multiplication of amoebae in the liver of one of the CBA mice following the primary inoculation.
In this study cultures were never inoculated directly into the liver, but infection progressed to the liver in the NZB and CBA/HN Oh/+ where apparently unaffected livers were found to contain amoebae. The uncontrolled invasion of the liver by the organisms when direct contact was made between a badly affected caecum and the liver capsule points to the particular susceptibility of these 2 strains.
It is, therefore, particularly unfortunate that the most sensitive and potentially useful mouse strains should be so vulnerable to the effects of the bacterial/amoeba culture of SA W 408. The results of this investigation would strongly indicate that the mouse as a model of amoebiasis is worthy of further study. Of the strains examined the OBAl2, MRL, NZB, C57/BL6 and C57BL/6 bg are among the more promising range of hosts. Use of the Oh/+ and other interesting strains such as the AB/L and BALB/c must await some improvement in the means of administration such as oral dosing, successfully acheived in the rat (Owen, 1984) , before their potential can be fully explored.
